Design and Development of a Control and Drive System for Cable Pusher Module for PFBR Steam Generator Tube Inspection  by Jose, Joel et al.
 Procedia Engineering  86 ( 2014 )  546 – 553 
1877-7058 © 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Indira Gandhi Centre for Atomic Research
doi: 10.1016/j.proeng.2014.11.079 
ScienceDirect
Available online at www.sciencedirect.com
1st International Conference on Structural Integrity, ICONS-2014 
Design and Development of a Control and Drive System for 
Cable Pusher Module for PFBR Steam Generator Tube 
Inspection 
Joel Jose*, S Sakthivel, D Jagadishan, S Joseph Winston and S Venugopal 
Group for Remote Handling, Robotics, Irradiation Experiments & PIE, 
Indira Gandhi Centre for Atomic Research, Kalpakkam-603102. Tamilnadu. INDIA. Fax.: 91-44-27480208; 
*E-mail ID: joel@igcar.gov.in  
Abstract 
The Steam Generator of the PFBR is a vertical heat exchanger with sodium flowing in the shell side, and water in tube side. The 
tubes have an expansion bend to accommodate the thermal expansions and periodic in-service inspection is to be carried out to 
check the reduction in tube wall thickness and crack using Eddy Current Probes. Cable Pusher Module is used to insert and 
retract the probe in to the tube having 23 meter length. This paper presents the detailed design and development of CPM which 
includes the control system, software and mechanical aspects. CPM transmits the parameters like odometer reading, slip, velocity 
and time of inspection through serial interface. Graphical User Interface is developed using VB 6.0 Compiler for data logging. 
Slip of the motor is plotted for the tube length and this suggests an optimum design for the mechanical pulley arrangement of 
CPM. 
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1. Introduction 
 Steam Generators (SG) are among the most critical components of Fast Breeder Reactor in terms of plant 
availability and safety. They are large heat exchangers that use the heat generated in the reactor core to make steam 
with the purpose of driving the turbines for electrical power production. In Prototype Fast Breeder Reactor (PFBR) 
the secondary loop sodium which receives the heat energy from the primary loop, transfers it to the water in the 
Steam Generator (SG) to convert water to steam for running the turbines. The SGs of the prototype PFBR are 
vertical, countercurrent shell-and-tube type heat exchangers with sodium in its shell side flowing from top to 
bottom, and water on tube side. SG tubes are made of modified 9Cr-1Mo ferritic steel. The tubes have an expansion 
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bend to take care of thermal expansions.  As the tube walls are the barriers separating sodium and water, periodic 
inspection of the tubes for its wall thickness and crack if any are a mandatory requirement. While in the service 
these tubes need to be inspected periodically as recommended in various codes. The In-Service Inspection (ISI) of 
SG tubes [1] has access to both the man holes present at the top header & bottom header of SG . 
 The inspection module can only be deployed through the man hole present at the top header of the SG 
which has an access space (hemispherical) diameter of 380 mm that lands into the top dish end of the SG which has 
a inner diameter 910 mm as shown in Figure 1. The tube dimensions are 17.2 mm OD x 2.3 mm thick x 23 meter 
long for the inspection probe to pass through. The SG has top and bottom tube sheet outside diameter of 1200 mm in 
which 547 tubes are placed on a triangular pitch of 32.2mm. Manual inspection of SG tubes are not feasible due to 
the space constraints in the manhole and SG top dome. Safety regulations prohibits the removal of welded SG top 
dome makes the chances of human entry for manual inspection very remote. Moreover manual inspection of 547 
tubes takes prolonged human effort and has effect on the availability of the plant. These factors demand the 
automated robotic system for In-service inspection of SG tubes. The critical region in the SG tube inspection is the 
bend region as friction shoots up while probe is traversing through bend region. Cable odometer reading from motor 
encoder tends to be inaccurate in this region as motor pulleys slips and can develop cumulative errors. Moreover 
there are chances of stalling the motor if the motor torque is not sufficient to overcome the friction in the bend 
region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1 PFBR Steam Generator 
 This paper details the design and implementation of Cable Pusher Mechanism. Different aspects like 
mechanical assembly, control system design and application software for Graphical user Interface (GUI) are 
described in detail. Various CPM parameters like slip, odometer are sent to GUI for data logging and instantaneous 
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velocity and slip are calculated. Control system interact with GUI through serial protocol. Slip of the motor pulleys 
is plotted for the entire tube length and this suggests an optimum design for the mechanical pulley arrangement of 
CPM .It also provides information about erroneous operation of CPM where slip of motor pulleys exceeds beyond 
the safe limit.                 
2. Cable Pusher Module 
 The Cable Pusher Module is a device which is used to insert/retract the Eddy Current Testing  probes to a 
length of 23 meters. CPM is the final module in the Comprehensive Inspection Device which consists of many 
modules. CPM is integrated with the elbow arm of Tube Locator Module(TLM) which is a part of Comprehensive 
Inspection Device. Inverse Kinematic solutions are used to guide the TLM to the selected tube for inspection. Figure 
2 depicts the location of integrated CPM while it is performing in-service inspection. The main objective of the 
CPM is to pull and push the ECT probe with cable inside the SG tube through 23 meter long. It consists of two 
rollers pairs in which one pair is connected to motor shaft and second pair is connected to encoder shaft. All the 
rollers are of same size, which are designed to push and pull the PVC tube consists of cable for ECT probe.                          
 
 CPM consists of two major sub modules namely mechanical assembly and control module. Mechanical 
assembly houses the motor and encoder with pulleys and facilitates easy insertion and retraction of probe with cable. 
Control module consists of two hardware's namely CPM Controller Board and CPM PMDC Driver Board. Former 
deals with accepting user parameter, generating control pulses for the motors, displaying the parameters and sending 
the parameters using the serial communication interface and latter deals with driving the PMDC motors, receiving 
the encoder pulses, signal conditioning them and forwarding it to the controller board. The heart of controller board 
is a PIC 18F based microcontroller [2] and L298 is chosen as the PMDC motor driver IC. Power requirement for the 
boards are provided by means of an industrial SMPS. The overall block diagram of CPM is shown in Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 CPM while inspection 
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2.1. CPM  Mechanical  Assembly 
 CPM has two pulleys which are driven by two motors with encoder. The ECT probe cable will be pushed 
and pulled by these two pulleys. Two more pulleys, named as idler pulleys, of same size that of CPM pulleys are 
also fixed on the cable route adjacent to the drive pulleys. The idler pulleys are connected with rotary encoder. The 
gap between the pulleys is adjustable in order to pass the cables of outer diameter from 6mm to 11mm. push and 
pull of cables are controlled by CPM Controller and PMDC Drive modules. The drive pulleys are always rotating in 
opposite direction with respect to each other. The driving force for the idler pulley is the motion of the cable which 
carrying the probe and hence reports the actual distance moved by the cable. Quadrature encoder module counts the 
encoder pulses and derives the distance moved by motor and encoder pulleys. The difference of motor and encoder 
pulley distance is used to calculate the slip of the motor. CPM mechanical assembly is shown in fig 4. 
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Figure 4 CPM Mechanical Assembly 
 
The distance moved by the cable is calculated using three  parameters of idler pulley with incremental encoder viz 
encoder pulses per revolution (ppr),  pulley diameter(d) and total number of encoder pulses received(n)[3]. 
 
Distance moved by the cable(odo meter) = Ȇ*d * n( )
ppr
                                      (1) 
 
Since there are two encoders there are two readings ,motor encoder pulse count and idler encoder pulse count and 
slip of the motor is calculated by  
 
Percentage slip(%s) = motor encoder pulse count - idler encoder pulse count( )*100
motor encoder pulse count
          (2) 
where motor encoder pulse count  0  
 
CPM is calibrated by measuring the actual cable length and calculated cable length. Calibration constant derived is 
used to correct the errors in the measured distance. Errors in calculations are mainly due to the fabrication tolerances 
of the pulley diameter and the variation of contact space due to the alignment mismatch of two pulleys. 
   
Table 1 motor and encoder pulley parameters 
Parameter Motor Pulley Encoder Pulley 
Encoder pulse per rotation 1000 180 
Pulley Diameter(mm) 40 40 
 
2.2.   CPM Control System 
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  Control module consists of two boards namely CPM controller board and PMDC driver board. 
Microcontroller board issues commands to the PMDC driver board on user selection and process the data from motor 
and idler encoder. PMDC driver board drives the motor according to the speed and direction set by Microcontroller 
board. Pulse Width Modulation(PWM) output and direction are sent from Microcontroller board to PMDC driver 
board and encoder pulses from motor and idler are sent back to Microcontroller board by PMDC driver board. The 
objective of microcontroller board is to set PWM pulses and direction output according to the user selection. PWM 
duty cycle varies with respect to the analog output generated by the potentiometer which is in turn set by the user. 
Microcontroller generates a single channel PWM output and two bit direction output. Microcontroller reads encoder 
pulses from motor and idler and odometer and slip is calculated. Apart from this Microcontroller board handles user 
interrupts, LCD display and Lighting. Isolation from high power motor circuit is provided by means of opto-isolators.  
 
  The objective of PMDC driver board is to turn on the PMDC motor H bridge IC according to the PWM and 
direction generated by the microcontroller. Direction of motor1 is set by the direction bits and its compliment is used 
to set motor2 direction. This is because while in motion at any point of time motor1 and motor2 runs in opposite 
direction. The encoder pulses from motor and encoder are buffered in the driver board to eliminate noise and sent 
back to controller board. Protection of the motor is done by means of comparing the voltage across the current sense 
resistor with respect to reference voltage and shutdown the H bridge in case it exceeds the reference. Driver board is 
capable of driving each PMDC motor up to 4A. Isolation from microcontroller circuit is obtained by means of opto-
isolators. Figure 5 Shows the CPM Controller and PMDC Driver Board PCBs. 
 
 
Figure 5 CPM Controller Board and PMDC Driver Board 
2.3.   CPM Graphical User Interface 
 Graphical User Interface for data acquisition is developed using Visual Basic Compiler 6.0 and is used to 
read the data transmitted by the CPM Controller board. Figure 6 shows the Graphical User Interface developed in 
Visual Basic 6.0. Received data is stored in an excel sheet and is analyzed offline for calculating the instantaneous 
slip and cumulative slip.  
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Figure 6 CPM Graphical User Interface 
3. Cable Pusher Module Testing 
 Calibrated CPM is tested in RRHS lab using the one by forth model of the actual SG and is further 
deployed  in the one to one model of SG with 19 tubes at Steam Generator Test Facility at IGCAR as shown in fig 7. 
CPM pushed and pulled the cable up to 23 meters at different speeds. CPM is connected to a laptop which has GUI 
application software running on it. Different parameters such as odo meter and slip are transmitted and has been 
logged successfully. Slip of the motor is observed at the bend region and cumulative slip is observed to be increased 
in a sudden fashion.   
Figure 7 CPM Testing at Steam Generator Test Facility and RRHS Lab 
 
 
4. Results and Discussions 
  Using the recorded data of CPM two parameters are derived and plotted cumulative slip and instantaneous 
slip as shown in fig 8. Data is continuously logged using a laptop with a baud rate of 9600. CPM is operated at 
aspeed of 11cm/s with data logging interval of 0.5 s. Graphs are plotted using a total of 420 samples for a tube length 
of 23 meter. Slip shoots up while the cable is traversing through the bend region of the SG tube as anticipated. 
Mechanical 
Assembly CPM 
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5. Conclusion and Future work 
 CPM is designed and implemented for the remote inspection of SG tubes. It is tested and slip variation over 
the bend region is plotted. Further this work can be extended by taking the current feedback of the motors and there 
by calculating the torque of each motor. By plotting the torque variation over the bend region optimum torque of the 
motor can be calculated.    
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